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0 Method for purifying phage DNA. 



© Disclosed is a method for purifying phage DNA 

^* which can be carried out without centrifugation steps 

^ and without use of toxic reagents. In the method of 

If) the invention, a mixture containing microorganism 

O ceils and phage is filtered through a membrane filter 

& so as to remove said microorganism cells. Then 

r— phage proteins are decomposed and denatured. 

CO Thereafter, the resultant is subjected to ultrafiltration 

^ so as to remove impurities. 
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Concentrating dilute DNA solutions is a key step for 
numerous preparative and analytical procedures. For exam- 
ple, standard plasmid preparations involving cesium chloride 
equilibrium centrif ligation and get filtration yield DNA in large 
volumes that require concentrating prior to precipitation. 
Another situation which necessitates concentrating DNA is the 
purification or restriction fragments from gels, where high con- 
centrations facilitate efficient and complete precipitation. Cur- 
rent techniques that art available for concentrating nucleic 
acids include: 1) repeated extractions with n-butanol, 2) ad- 
sorption to ion exchange resin followed by high salt etution, 
and 3) lyophiiization. The first method has the disadvantage 
that the n-butanol concentrates all solutes, including salt which 
tends to coprecipitate with DNA upon addition of ethanol. The 
ion exchange method, aside from requiring buffers of various 
ionic strengths, yields DNA preparations in a high salt solu- 
tion. Lyophiiization also increases the concentration of buf- 
fer components which can result in degradation of nucleic 
adds. 
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Ultrafiltration provides an effective alternative for rapidly 
concentrating as weD as desalting plasmid DNAs and plasmid 
DNA restriction fragments. With Amicon^ Centricon™ 
Disposable Microconcentration System (Figure 1), desalting 
is achieved by ultrafiltration of the solution through a mem- 
brane, resulting in the removal of ionic buffer components. 
The concentrated polynucleotides are retained by the mem- 
brane, as shown in Figure 1 . Driving force for fiUrarton is pro- 
vided by fixed-angle centrif ugat ion at 1000 to 5000 x g. This 
system incorporates low-adsorpiive filter membranes for 
minimal non-specific adsorption of DNA fragments (typically 
less than 5V$). They retain fragments as small as 75 base pairs. 
We have tested the Amicon Centricon ultrafiltration system 
for concentrating solutions of plasmid DNA superooih t restric- 
tion endonudease fragments of a plasmid DNA ranging in size 
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One hundred nanofrmms of finear- 
iadptssnidDNA was (fiuted to 1.0' 
ml wnh TE, and wis subsequently 
concentrated lo 40 iA usinf the 
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Laoc I — 50 nf of linearized 
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ample conoenaaied using the Cent* 
ricoo-30 microconcemrator. The 
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tzed pBR322 plmmid DNA. M shown In figure 2, >99tt 
recovery of the Iigated plasmid DNA was obtained. No 
evidence of degradation can be observed. Recovery was quan- 
titaied by absorption at A M of samples prior to electrophoretic 
fractionation and by microdensitometry of photographs of 
ethidium bromide-stained gels. 

The biological activity of plasmid DNA that had been con- 
centrated using the Amicon Cemricon-30 microconcentrator 
unit was evaluated. pBR322 plasmid DNA was linearized by 
cleavage with EcoRl, concentrated in the Centricon-30 micro- 
concentrator and assayed for transformation efficiency follow- 
ing recircularization and ligation. In comparison to a plasmid 
that was similarly restricted and religated but concentrated by 
ethanol precipitation, the preparation concentrated in the 
Centricon-30 microconcentrator unit was equally effective for 
transfection of £. coli HP101 (Table 1). 

The effectiveness of the Centricon-10 and Centricon-30 
microconcentrator units was compared. Figure 3 shows that 
both Centricon-10 and -30 filters may be used in concentrating 
double-stranded, "P-labeled DNA fragments as small as 75 
base pairs with very good recovery (>99^i at solute concen- 
trations of 10 pg-100 Mg/ml)- Analyzing the Hlters by liquid 
scintillation counting demonstrated thai the filters do not ad- 
sorb significant amounts (less than 5°7o) of double-stranded 
DNA under the conditions used. The same results were ob- 
tained for radiolabeled single-stranded DNA fragments of ap- 
proximately 200 nucleosides. 

While both the recovery and biological activity are similar 
when DNAs are concentrated using the Centricon microcon- 
centrator units or conventional techniques, the efficiency and 
immediate ability to further utilize the nucleic acids concen- 
trated with the Centricon unit without subsequent desalting 
steps is a significant advantage. The self-contained nature of 
the Centricon-10 and -30 microconcentrators make them ex- 
tremely convenient to use. Although the maximal volume that 
can be concentrated in a single centrifugation is 2.5 ml, larger 
samples can be concentrated by repeated centrifugation runs. 

In addition to concentrating and desalting DNA prepara- 
tions, Centricon is effective for recovery and purification of 
proteins, enzymes, antibodies and other macromoiecuies from 
biological samples such as serum, cell culture extracts and 
lysates.C 
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© Disclosed is a method for purifying phage DNA 
which can be carried out without centrtfugation steps 
and without use of toxic reagents. In the method of 
the invention, a mixture containing microorganism 
cells and phage is filtered through a membrane filter 
so as to remove said microorganism cells. Then 
phage proteins are decomposed and denatured. 
Thereafter, the resultant is subjected to ultrafiltration 
so as to remove impurities. 
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BACKGROUND OF THE INVENTION 



I. Field of the Invention 

The present invention relates to a method for 
purifying phage DNA The method of the present 
invention may be used in the field of genetic en- 
gineering. 

It. Description of the Related Art 

Recently, with the progress of the genetic en- 
gineering techniques, nucleic acids are widely puri- 
fied from various cells, viruses and phages. For 
determining base sequences of DNAs carrying ge- 
netic information, it is an important technique to 
replicate single-stranded DNAs by culturing M13 
phage with E. coli. Purification of phage DNAs is 
generally carried out in this technique. The widely 
adopted conventional method for purifying phage 
DNAs from the culture medium comprises the 
steps of removing £. coli cells from the culture 
medium by centrifugation. precipitating the phage 
by treatment with polyethyleneglycol, removing 
proteins by phenol extraction and concentrating 
DNA by ethanol precipitation. 

However, with this conventional method, 
reagents which are toxic to human, such as phenol 
and chloroform must be used. Further, since cen- 
trifugation is necessary in each step, it is difficult to 
automatize the method. For automatizing the pu- 
rification, a method which does not require cen- 
trifugation is desired. 

SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention 
is to provide a process of purifying phage DNAs by 
which phage DNAs may be purified to high purity 
without centrifugation steps and without using 
reagents toxic to human. 

The present inventors intensively studied to 
find that phage DNAs may be purified to high 
purity by removing E. coli cells by filtration through 
a membrane fitter, decomposing and denaturing 
the phage proteins, and then removing the proteins 
by ultrafiltration, to complete the present invention. 

That is. the present invention provides a meth- 
od for purifying phage DNAs comprising, in the 
order mentioned, the steps of filtering a mixture 
containing microorganism cells and phage through 
a membrane filter to obtain a filtrate, so as to 
remove said microorganism cells; decomposing 
and denaturing phage proteins in said filtrate: and 
subjecting the resultant to ultrafiltration so as to 
remove impurities. 

By the method of the present invention, phage 



DNAs may be purified to high purity with high yield 
from a culture medium without conducting a cen- 
trifugation step. According to the method of the 
present invention, since the centrifugation steps is 
5 not necessary, the method may be automatized. 
Further, with the method of the present invention, 
toxic reagents are not necessary and the time 
required for the purification is shortened. 

io BRIEF DESCRIPTION OF THE DRAWING 

The drawing shows an agarose gel elec- 
trophoresis pattern of a phage DNA purified by the 
method of the present invention together with an 
75 electrophoresis pattern of the phage DNA purified 
by the conventional method and an electrophoresis 
pattern of a commercially available phage DNA. 

BEST MODE FOR CARRYING OUT THE INVEN- 
20 TION 

In the method of the present invention, a mix- 
ture containing microorganism cells and phage is 
treated. Representative example of such a mixture 
25 is a culture medium of a microorganism which is 
infected with a virus. The culture medium may be 
treated as it is by the method of the present 
invention. For example, a culture medium contain- 
ing Ml 3 phage and £. coli in 2 x TY medium or 
30 the like may be treated by the method of the 
present invention. 

In the lirst step of the method of the present 
invention, the above-described mixture is filtered 
through a membrane filter so as to remove mi- 
35 croorganism cells. The pore size of the membrane 
filter used here may preferably be 0.45 - 0.22 ^m. 
The material constituting the membrane fitter is not 
at all restricted. 

In the second step, the phage proteins in the 
40 filtrate is decomposed and denatured. The decom- 
position and denaturation of the proteins may be 
carried out by treating the filtrate with a proteolytic 
enzyme such as Proteinase K. In this case, the 
concentration of the proteolytic enzyme may be 
45 appropriately selected. When a culture medium 
containing Ml 3 phage and E. coli is treated, the 
concentration of the proteolytic enzyme may usu- 
ally be 0.001 - 0.5 mg.ml. As described later, it is 
preferred to subject the filtrate to ultrafiltration be- 
so foie the treatment with a proteolytic enzyme and to 
add the proteolytic enzyme to the phage remained 
on the ultrafiltration membrane, although this ul- 
trafiltration step is not required. 

Other than the treatment with a proteolytic en- 
zyme, the decomposition and denaturation of the 
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phage proteins may be carried out by treatment 
with an organic solvent, a surfactant or an alkali or 
by heat treatment or the like. More particularly, the 
step of decomposing and denaturing the proteins 
may be carried out by treating the protein with an 
organic solvent such as 30 - 100% methanol or 
ethanol. The separation of DNA and proteins may 
be attained by using a reagent which does not 
have a decomposing ability as strong as proteolytic 
enzymes or organic solvents, when a compara- 
tively simple phage is to be treated. For example, 
the decomposition and denaturation of proteins 
may be attained by treatment with a surfactant. 
Preferred examples of the surfactant include anion 
surfactants such as sodium lauryl sulfate (SDS). In 
case of using SDS. the concentration thereof may 
preferably be 0.01 - 1% by weight. Since proteins 
are weak to heat and nucleic acids such as DNAs 
are relatively strong to heat, heat may be utilized 
for the protein-nucleic acid separation. In this case, 
the heat treatment may preferably be carried out at 
a temperature of 80 - 100* C for 5 - 20 minutes. 
The decomposition and denaturation of the proteins 
may also be carried out by alkali treatment. Pre- 
ferred examples of the alkali include aqueous solu- 
tion of alkaline metal hydroxides with a concentra- 
.;on of 0.1 • 1N. 

The above-mentioned treatments may be car- 
ried out individually or in combination. By this step, 
proteins can be removed from the phage DNA. 

The resulting solution is then ultrafiltered. The 
ultrafiltration membrane used herein preferably has 
a fractionation molecular weight of 20,000 to 
1,000.000. If the molecular weight to be fractionat- 
ed is smaller than this range, the efficiency of the 
removal of proteins is reduced. On the other hand, 
if the molecular weight is larger than this range, 
DNA may pass through the ultrafilter. The ultrafilter 
may be made of any material. Fo. example, com- 
mercially available ultrafilters made of polysulfone 
may be employed. After the ultrafiltration, by wash- 
ing the ultrafilter with an appropriate solution such 
as a buffer solution, the phage DNA may be recov- 
ered as a solution. To promote the yield of the 
phage DNA, -it is preferred to wash the ultrafilter by 
passing the solution through the ultrafilter. The 
solution to be used for washing the ultrafilter is not 
restricted. Widely used buffer solutions such as 
TE-buffer (Tns-HCI buffer containing EDTA) may 
be employed as the solution for washing the ul- 
trafilter. By this ultrafiltration step, the proteins and 
other impurities are removed from the solution ob- 
tained in the second step, so that phage DNA is 
purified. 

The second step may be carried out imme- 
diately after the first step as described above- 
However, after the first step, the obtained filtrate 
may be subjected to ultrafiltration to remove low 



molecular components, thereby purifying the 
phage. In this case, the ultrafiltration may be ca- 
rted out in the same manner as in the third step 
just described above. Further, if this ultrafiltration 
5 step is employed, the treatment for decomposing 
and denaturing the proteins in the second step 
may be carried out on the ultrafilter. and the ultrafil- 
tration in the third step may be carried out on the 
same ultrafilter. 

10 

Example 

The invention will now be described by way of 
an example thereof. The example is presented for 

is illustration purpose only and shou'd not be inter- 
preted in any restrictive way. 

£ coli JM109 was inoculated to 2 x TY me- 
dium, and then Ml 3 phage was infected thereto. 
The medium was incubated at 37* C for 4 hours. 

20 The resulting culture medium was filtered 
through a membrane filter having a pore size of 
0.45 under a pressure with nitrogen gas. 

The obtained nitrate was subjected to ultrafil- 
tration through a ultrafilter having a fractionation 

25 molecular weight of 300.000 "to remove low molec- 
ular weight components in the culture medium. To 
decompose the proteins of the phage. 5 ^g->l solu- 
tion of proteinase K was placed on the ultrafilter. 
and the reaction was allowed to occur for 10 min- 

30 utes. 

The enzyme solution was removed under pres- 
sure, and the ultrafilter was washed with TE buffer 
by passing through the buffer under pressure 
through the ultrafilter. Two hundred microliters of 

35 TE buffer was placed on the ultrafilter and the 
ultrafilter was shaken. Thereafter, the TE buffer was 
recovered by using a pipette. 

By this procedure. 2.5 ?g of phage DNA was 
recovered from 2 ml of the culture medium. 

jo The thus obtained phage DNA was subjected 
to agarose gel electrophoresis according to a con- 
ventional method. As controls, commercially avail- 
able Ml 3 phage DNA and the M13 phage DNA 
purified by the conventional purification method 

js comprising polyethylene glycol precipitation and 
phenol extraction were also subjected to agarose 
gel electrophoresis. 

The results are shown in the drawing. In the 
drawing, lane 1 shows an electrophoresis pattern of 

so molecular weight markers consisting of H/ndlll di- 
gest of X phage, lane 2 shows an electrophoresis 
pattern of commercially available M13 phage 
single-stranded DNA. lane 3 shows an elec- 
trophoresis pattern of M13 phage DNA purified by 

55 the conventional polyethylene glycol precipitation 
and phenol extraction, and lane 4 shows an elec- 
trophoresis pattern of M13 phage DNA purified by 
the method or tne present invention. 



3 



5 



EP 0 431 905 A1 



As is apparent from the drawing, it was con- 
firmed that the phage DNA was purified to high 
purity by the method of the present invention. 

Although the present invention was described 
by way of preferred embodiment thereof, it is ap- 5 
parent for those skilled in the art that various modi* 
fications may be made without departing from the 
spirit and scope of the present invention. 

Claims io 

1. A method for purifying phage DNA comprising, 
in the order mentioned, the steps of: 

filtering a mixture containing microorganism 
cells and phage through a membrane filter to js 
obtain a filtrate, so as to remove the said 
microorganism cells; 

decomposing and denaturing phage proteins in 
the said filtrate: and 

subjecting the resultant to ultrafiltration so as 20 
to remove impurities. 

2. A method as claimed in Claim \ , characterised 
in that the pore size of the said membrane 

filter is 0.45 *m to 0.22 #im. 25 

3. A method as claimed in Claim 1 or Claim 2 
characterised in that the molecular weight to 
be fractionated by the said ultrafiltration is in 

the range 20.000 to 1 .000.000. 30 

4. A method as claimed in Claim 1, 2 or 3 
characterised in that the step of decomposing 
and denaturing phage proteins is carried out 

by treating the said phage proteins with a 35 
proteolytic enzyme. 

5. A method as claimed in Claim \, 2, 3 or 4 
characterised in that u iurther comprises the 

step of ultrafiltration of the said filtrate obtained -to 
in the first step from the membrane filter be- 
fore the said step of decomposing and de- 
naturing the phage proteins. 
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